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Abstract
Helminthic infections concomitant with malaria are common in inter-tropical areas. A recent study
showed that mice co-infected with Schistosoma mansoni and Plasmodium chabaudi develop higher P.
chabaudi parasitaemia and had a higher mortality rate. This important observation deserved to be
further investigated among human populations.
Malaria attacks were recorded in 512 children aged 6–15 years living in Richard Toll (Northern
Senegal) among whom 336 were infected by S. mansoni, and 175 were not. The incidence rate of
malaria attacks was significantly higher among S. mansoni-infected individuals, particularly those
carrying the highest worm loads, as compared to uninfected subjects (26.6% versus 16,4 %). In
contrast, the rate of malaria attacks was lower, without reaching significance, in medium grade S.
mansoni infections. Thus, infection by S. mansoni affects susceptibility to malaria, but this can vary
according to the intensity of parasite load. The immunological mechanisms underlying this dual
effect need to be further explored.
Introduction
Malaria is prevalent in many parts of tropical Africa, where
other concomitant parasitic infections are common. How-
ever, little is known about how concurrent infections
affect the expression to and/or pathogenesis of each other.
A recent study showed that Schistosoma mansoni and Plas-
modium chabaudi co-infected mice develop higher P.
chabaudi parasitemia and higher mortality rate [1]. This
observation was supported in the case of human infec-
tions in subjects carrying intestinal helminths who were
given Levamisole which led to the reduction of the
malaria attack rate [2] and by further studies in helminth-
free and helminth-carrying malaria-exposed individuals,
which confirmed the deleterious effect of worm carriage
upon an individual's susceptibility to malaria [3].
In the Senegal river basin, where malaria is hypoendemic,
extensive irrigation programmes have been developed,
promoting a spread of S. mansoni infection [4]. The expo-
sure of the inhabitants to these two infections, in a situa-
tion where other helminthic infections were rare,
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provided an opportunity to study the expression of
malaria in a schistosoma exposed population.
Patients and methods
Study area
The study took place in Gallo Malick, a district of Richard
Toll, which is located near a canal ensuring the irrigation
of rice and sugar cane fields. The population was esti-
mated in 1998 to reach 3,685 inhabitants. Annual rainfall
amounts to around 250 mm water. The district is approx-
imately 1 km long and 500 m wide. A dispensary is set up
in the centre of the district and is thus easily accessible.
Population study
In September 1998, after obtaining agreement from the
parents, two stools examinations were carried out in all
children aged between 5 and 15 years. From 25 mg of
stools, two slides were prepared, according to the modi-
fied Kato-Katz method [5]. The parasitic burden was
obtained by multiplying the average value of the burden
of the two slides by 40 to express the result in the number
of eggs per gram of stools. Children were given a card that
entitled them to have free access to the health centre. For
each consultation motivated by an episode of fever or an
history of fever within 24 hours, a thick smear was per-
formed. Thick smears prepared from capillary blood were
examined over 200 microscopic fields. The average
number of leucocytes per field was estimated in 10 fields.
Parasite density was evaluated based on an average 8,000
leukocytes per µl of blood. Following national recom-
mendations, any fever attack was considered suspect of
malaria and treated by chloroquine (25 mg/kg over three
days in a 10-10-5 posology), as the drug which was still
effective in this area at that time.
The follow-up was implemented between September
1998 and April 1999. In January 1999, a further stool
examination and a urine filtration for the detection of
Schistosoma haematobium eggs, were performed. Ten ml of
urine were filtered through a 12 µ millipore membrane
and the eggs on the whole filter surface were counted. A
questionnaire was issued to check habits with regard to
protection against mosquitoes and usage of anti-malarial
drug-prophylaxis. It was also ascertained that none of the
included children had been administered anti-S. mansoni
treatment (praziquantel) over the past year (September 97
– September 98). In March 99, all children who presented
with at least one S. mansoni positive stool examination
were treated with praziquantel (40 mg/kg).
Any child presenting with a body temperature > 38°C or
having a history of fever-in the 24 hours preceding the
consultation and with a parasite density ≥ 5000 parasites/
µl of blood was defined as suffering from a malaria attack.
Any child whose tool tested positive for S. mansoni at least
once was defined as S. mansoni positive. If both examina-
tions proved positive, the highest parasitic burden was
kept for further analysis. Parasite loads were classified into
four categories: A) 1 to 100, B) 101 to 400, C) 401 to
1000, and D) > 1000 eggs per one gram of stools.
In order to exclude possible interactions with other
helminthic infections, children from the group not
infected by S. mansoni but presenting other intestinal par-
asitic infection were excluded from the analysis.
When houses where children had a malaria attack and
those where the children were carrying schistosomiasis
were located on a map, the two pathologies were found to
be distributed in a uniform way in the whole district,
without evidence of clustering of double infection
malaria-S. mansoni. This is in agreement with the distinct
sources of infection, Anopheles larvae breeding in small
water collections in gardens, and Schistosoma vectors in
rice fields and irrigation canals.
Comparison between children presenting at least one
malaria attack and children not having presented any
malaria attack was performed using a forward logistic
regression model using STATA statistical software. The
variables included in the model were sex, S. mansoni cate-
gories eggs load and age.
The period between the beginning of the study and the
date of a malaria attack was compared between groups of
S. mansoni infections using a lifetime estimate table from
the EGRET programme (Statistics and Epidemiology
Research Corporation, Seattle, Washington). Any p value
lower than 0.05 was considered significant.
Results
In September 1998, 525 children underwent two stool
examinations. Three-hundred and thirty-six-were found
to carry S. mansoni eggs and 189 were negative for both
stool examinations.
Urine filtration detected only 13 children excreting eggs of
Schistosoma haematobium (2.7%). Among them, 11 were
also positive for S. mansoni. The stool examination
showed the presence of 31 other intestinal parasitic infec-
tions (Ascaris and Trichuris). Patients negative for S. man-
soni  and carriers of another intestinal (12 subjects) or
urinary parasite (2 subjects) were excluded of the analysis.
In total, 511 children were included in the analysis (336
infected by S. mansoni (65.7%) and 175 (34.3%) not
infected). The prevalence increased as a function of age,
reaching 80% in children older than 11 years with > 30%Malaria Journal 2004, 3:43 http://www.malariajournal.com/content/3/1/43
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of children presenting with high schistosome loads, i.e. >
1,000 eggs/ 1 g of stools.
The malaria index was 11.2% in September, 8.1 % in
October, 8.6 % in November and 5% in February. Malaria
attacks were detected by passive case detection, ie as out-
patients at the dispensary. Among 262 of the cohort
patients consulting for fever, 107 cases (40.8 %) were
attributed to a malaria attack, according to the criteria
described. Only 10 children underwent two malaria
attacks. In total, 18.9 % (97/511) of the children included
in the analysis presented with a malaria attack at least
once.
Chemoprophylaxis for children is not recommended by
the National Control Programme, but 7.9 % of the par-
ents reported that they were giving a chemoprophylactic
treatment to their children. 58.9 % stated they used a mos-
quito bednet. These proportions were the same in the two
groups of children, infected by S. mansoniior not. How-
ever, the malaria attack prevalence was also the same
whether or not the children were sleeping under a mos-
quito bednet.
The incidence rate of malaria attacks was 20.2 % (68/336)
in the group of children concomitantly infected by S. man-
soni and 16.6% (29/175) in those non-infected (p = 0.40).
The malarial incidence, however, varied depending on the
load of eggs. It was high in all groups, but the highest
(26.6 %) in those carrying the highest worm loads (>
1,000), except in subjects presenting medium loads (>100
and < 400 eggs/g of stools) where malarial incidence was
lower than in S. mansoni negative individuals (9.4 %). Sex
and age had no significant influence, which is not surpris-
ing since this is a mesoendemic area. Using a logistic
regression model and taking the negative group as refer-
ence, the difference was significant with the group carry-
ing a high load of eggs (RR = 2.24 (1.2 – 4.2) (Table I).
Among all S. mansoni positive individuals, and using the
group with medium egg load as reference (lower inci-
dence of malaria attacks), the malaria incidence was sig-
nificantly increased for low S. mansoni egg carriage (1–
100) (RR = 2.51 (1.05–6) as well as high S. mansoni egg
carriage (>1,000) RR = 3.12(1.33–7.29).
Out of 10 children who presented two malaria attacks,
nine were infected by S.m.; four presented a schistosome
load higher than 1,000 eggs/g of stools, and three > 400
and <1,000.
The cumulative incidence of malaria attacks based on the
Kaplan-Meier analysis according to the day of follow-up
shows that the difference between subjects carrying high
S. mansoni loads and other groups increased over time
during the follow-up (Fig 1). This difference is particularly
clear over the first ten weeks.
Discussion
The high prevalence of S. mansoni and the low prevalence
of urinary schistosomiasis in the area studied are in agree-
ment with previous reports [4,6,7]. The prevalence of
intestinal helminths, such as Ascaris and hookworms, was
also low. The high prevalence of S. mansoni, together with
a low prevalence of other helminthic infections, including
S. haematobium, make this area suitable for studying the
influence of S. mansoni upon  P. falciparum infection.
Malarial indices were consistently lower than 20 %, in
Table 1: Logistic regression model for malaria attack adjusting 
for sex, age and load in eggs of S. mansoni/g of stools, n = 511, 
Richard Toll, Senegal, 1999
Odds Ratio P>|z| [95% Conf. Interval]
Sex* .72 0.16 .46–1.13
Egg's load**
1–100 (n = 99) 1.82 0.06 .97 – 3.42
101–400 (n = 73) .72 0.46 .31 – 1.70
401–1000 (n = 55) 1.46 0.35 .66 – 3.25
> 1000 (n = 109) 2.24 0.01 1.20–4.20
Age .99 0.79 .92–1.07
*Female, ** Non-infected children as reference, n = number of 
subjects in each group
Probability of not having had a malaria attack in children pre- senting S. mansoni infection or without S. mansoni infection  Figure 1
Probability of not having had a malaria attack in children pre-
senting S. mansoni infection or without S. mansoni infection 
Key : 
1–100
101–400
401–1000
 >1000 eggs/g of stools)
without S. mansoni infection ( )Malaria Journal 2004, 3:43 http://www.malariajournal.com/content/3/1/43
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agreement with previous studies which classified this
northern Sahel area as meso-endemic [8,9]. Entomologi-
cal studies suggest that this low endemicity could to be
due to the dominance of Anopheles pharoensis, which is a
poor vector in view of its short life-expectancy [10,11].
The analysis of the incidence of the malaria attacks by
amount of parasite load in S. mansoni eggs suggests a more
complex mechanism than a simple linear link between
the frequency of malaria infection and the degree of
infestation by S. mansoni. Indeed, the data show a greater
rate of malaria attacks in children with either a high load
(> 400 and > 1,000) or a low load of eggs (1–100),
whereas a lower attack rate was observed in children pre-
senting a medium egg load (>100 and <400 eggs/g),
although this opposite trend did not reach significance.
Protection against falciparum malaria has been found to
be associated with the preferential production of the
cytophilic classes, IgG1 and IgG3, of antibodies [12], this
being related to their ability to cooperate with blood
monocytes in an ADCC-like (Antibody-Dependant Cellu-
lar cytotoxicity) mechanism [13]. Conversely, the very
long delay needed to reach a state of protection was asso-
ciated with the preferential production of non-cytophilic
classes of antibodies, such as IgG2, IgG4 and IgM [13].
This also immediately raised the question of why the
immune response to falciparum malaria is channeled to
non-cytophilic classes in children and led to formulate the
hypothesis that it could be related to helminthic co-infec-
tions, which are known to induce a Th2-like type of
response. Indeed, children are prone to much higher
helminthic loads than are adults. In Madagascar, a study
conducted in children carrying intestinal helminths and
treated with levamisole, suggested after a two-years fol-
low-up, that a three-fold decrease in malaria attack rate
was induced in helminth-treated subjects, as compared to
non-treated paired controls [2]. These initial results were
confirmed by more recent studies in which levamisole
was not used [3,14].
In the present study, this observation has been confirmed
with yet another worm infection, S mansoni, but only for
those having the highest loads. The opposite effect was
found in individuals carrying medium schistosome infec-
tions. As immunological studies could not be performed,
one can only speculate about this biphasic effect. The pro-
duction of cytophilic classes against malaria requires that
the T-cells helper effect is provided by Th1 type of T-cells,
however cytokines produced by T-cells specific for schisto-
some eggs or worms can influence responses to malaria. It
has been reported that, during the first phase of S. mansoni
infection, T-cells are stimulated which secrete cytokines
belonging, in majority, to the Th1 type. The switch
towards Th2 type cytokines occurs later on and is depend-
ent on egg production [15]. In the case of this study,
medium grade egg deposition may not be sufficient to
modify the initial Th1 type of response, which would be
dominant, contribute to accentuate the Th1 response to
malaria and, therefore, to increase protection against
malaria. Conversely, in subjects with high egg production,
Th2 would become dominant and contribute to drive the
antimalarial immune response towards non-cytophilic
classes. An alternative hypothesis could be that lower egg-
output actually reflects strong granuloma formation
which, itself, is Th1 related, and conversely the high egg-
output would indicate a Th2 type of response. Whereas
this may account for the difference observed between
medium and high worm load, it still does not provide an
explanation for the increased susceptibility to malaria in
the group excreting the lowest number of S. mansoni eggs.
Obviously, further studies, particularly of T-cell responses
to both malarial and schistosome antigens are required to
sort out this issue.
Conclusions
Helminthic infections are a fact of life in malaria endemic
areas and their influence on the course of infection and
the epidemiology of malaria is a fascinating though
neglected area of research. This study shows that S. man-
soni infection can increase the susceptibility to malaria in
subjects excreting high schistosome egg loads.
Contribution of authors
CS, PM, JA, PC, MD were responsible for field and labora-
tory studies. JYL was responsible for the statistical analy-
sis. PD inspired and designed the study
Acknowledgements
We thank all the population of the Gallo-Mallick district who have accepted 
to collaborate with us. We also thank Jules Lamballe, nurse of the dispen-
sary for his contribution to this study. This programme was supported by 
IRD (Institut de Recherche pour le Développement) by PAL+ programme 
and by the Region médicale of St Louis (Senegal).
References
1. Helmby HMK, Troye-Blomberg M: Altered immune responses in
mice with concomitant Schistosoma mansoni and Plasmodium
chabaudi infections. Infect Immun 1998, 66:5167-5174.
2. Jambou R, Rasamoel P, Ralamboranto L, Milijoana R, Raharimalala L,
Pecarere JL, Druilhe P: Change in response to malaria induced
by repeated treatment of children with Levamisole. Gordon
Conferences, Oxford, 1998, 26–30 July 1998.
3. Spiegel A, Tall A, Raphenon G, Trape JF, Druilhe P: Increased fre-
quency of malaria attacks in subjects co-infected by intesti-
nal worms and falciparum malaria. Trans Roy Soc Trop Med Hyg
2003, 97:198-199.
4. Talla I, Belot S, Kongs A, Verle P, Belot J, Sarr S, Cool AM: Outbreak
of intestinal schistosomiasis in the Senegal river basin. Ann Soc
Belg Med Trop 1990, 70:173-180.
5. Katz N, Chaves A, Pelegino J: A simple device for quantitative
stool thick-smear technique in Schistosoma mansoni. Rev Inst
Med Trop Sao Paulo 1972, 14:397-400.
6. Picquet M, Ernoult JC, Vercruysse J, Southgate VR, Mbaye A, Sambou
B, Niang M, Rollinson D: The epidemiology of human schisto-Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Malaria Journal 2004, 3:43 http://www.malariajournal.com/content/3/1/43
Page 5 of 5
(page number not for citation purposes)
somiasis in the Senegal river basin. Trans Roy Soc Trop Med Hyg
1996, 90:340-346.
7. Stelma FF, Talla I, Polman K, Niang M, Sturrock RF, Deelder AM,
Gryseels B: Epidemiology of Schistosoma mansoni infection in
a recently exposed community in northern Senegal. Am J Trop
Med Hyg 1993, 49:701-706.
8. Sy N: Contribution á l'étude du paludisme dans la vallée du
fleuvc Sénégal. Impact des aménagements hydro-agricoles
sur la transmission dans la basse vallée au Sénégal. PhD Thesis
n° 35 UCAD 1998, 74:.
9. Faye O, Gaye O, Herve JP, Diack PA, Diallo S: Le paludisme en
zone sahélienne du Sénégal. 2. Indices parasitologiques. Ann
Soc Belg Med Trop 1993, 73:31-36.
10. Gillies MT, De Meillon B: The Anophelinae of Africa south of
Sahara. Publications of the South African Institute for Medical Research
1968, 54:343.
11. Faye O, Fontenille D, Gaye O, Sy N, Molez JF, Konate L, Hebrard G,
Herve JP, Trouillet J, Diallo S: Paludisme et riziculture irriguée
dans le delta du fleuve Sénégal. Ann Soc Belg Med Trop 1995,
75:179-189.
12. Bouharoun-Tayoun H, Attanath P, Sabchareon A, Chongsuphajaisid-
dhi T, Druilhe P: Antibodies which protect man against P. fal-
ciparum blood stages do not on their own inhibit parasite
growth and invasion in vitro but act in cooperation with
monocytes. J Exp Med 1990, 172:1633-1641.
13. Bouharoun-Tayoun H, Druilhe P: P. falciparum malaria: Evidence
for an isotype imbalance, which may be responsible for the
delayed acquisition of protective immunity. Infect Immun 1992,
60:1473-1481.
14. Nacher M, Singhasivanon P, Yimsamran S, Manibunyong W, Thanya-
vanich N, Wuthisen R, Looareesuwan S: Intestinal helminth infec-
tions are associated with increased incidence of Plasmodium
falciparum malaria in Thailand. J Parasitol 2002, 88:55-58.
15. Pierce EJ, Caspar P, Grzych JM, Lewis FA, Cheikh A: Down regula-
tion of Th1 cytokine production accompanies induction of
Th2 responses by a parasitic helminth, Schistosoma mansoni.
J Exp Med 1991, 73:159-166.